Cited Reference 2 

Japanese Patent Application Laid Open Publication No. 8-077785 

Published on Mar. 22, 1996 
Japanese Patent Application No. 6-207767 

filed on Aug. 31, 1994 
Applicant: Toshiba Corporation 
Inventors: Endo et al. 
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This invention relates to a semiconductor memory e.g. an electrically erasable 
programmable read only memory, having a threshold voltage detection mechanism to 
rewrite data to each cell when applied and read data from cell are not found to be equal 
after having voltages higher and lower than data value applied to cell. 

The memory includes a memory cell array and a threshold voltage level detection 
mechanism. Several memory cells are arranged in matrix form in the memory cell array 
and these cells are connected to the same word line. When a voltage which is either 
higher or lower than the reference voltage is applied in the word line, the data stored in a 
cell is read. 

The memory operation is judged to be normal when the read data and data applied to the 
cell is found to be the same. The threshold voltage level detection mechanism senses if 
the threshold voltage of each cell changes if the read and applied data are different. The 
mechanism changes the threshold voltage of each cell so that a data re-write can be 
performed to each cell. Once the data is re-written, the threshold voltage level is returned 
to its original level. This invention advantageously prevents data destruction in memory 

cells by detecting its threshold voltage level and correcting it immediately when it drifts. 



Table 1 (Example 1) 



Threshold 
Voltage state 


Data to be 
read 


1st Drift 
Check Data 


2nd Drift 
Check Data 


Check 
Result 


l.0T<Tth 


"o" 


" 0" 


"0" 


Normal 


0. 5V<VthSl. 5V 


-0" 


"0" 




Not Normal 
(Too charged) 


O'NKftHO. 5T 


*1" 


"0" 


■l" 


Not Normal 
(Too discharged) 


| 0. 0V>Vth 


~1 " 


"1" 




Normal 
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Table 4 (Example 2) 





Threshold 
Vol. state 


Data to be 
read 


1st Drift 
Check Data 


2nd Drift 
Check Data 


Result 


Check 
Drift j 
of 

N data 
and 

N + l data 


FvZ-N+UVth 


"0" 


"0" 


"0" 


IN ^ 1 CJcllci. 

Normal 


Ifr-H+imh 
<?vz-im 


" D" 


- o- 


"1" 


N+1 data: 
drifted 

'need re-write 




fYl-»+l<vth 

<Vr-K+l 


"0" 


44 ^ m 


" 1 ** 


N data: 
drifted 

need re-write 




Vth<V*l-N+l 


" 1 * 


"1" 


"1" 


N data: 
Normal 


Check ! 
Drift 


¥v2Ni?th 


"0* 


"0" 


"0" 


N data: 
Normal 


Of 

N data 
and 

N-1 data 


Yr -Ns?th 
<Tv2-H 


"0" 


"0" 


"1* 


N data: 
drifted 

need re-write 




Vvl-NHth 
<Tr-N 


"0" 


"1" 


* j n 


N-1 data: 
drifted 

jneed re-write 




rth<Vvl-H 




"1" 


■1" 


N data: 
Normal 
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Drawings of Reference 2 (1/3) 
FIG. 5 

Select mem. ce\\ 

Read memory cell data(Read-data) 



Output Data to I/O 

1 

Read 1st Drift CHK Data 
(Data 1) 



Read 2nd Drift CHK Data 
(Data 2) 



Compare Read-Data, Datal & 
Data 2 



Read-data=Data1 
= Da t a 2 

o r 

Read— data=Dat a 1 
= D a t a 2 



YES 



■* Normal 



NO 



Read— data 

= Da t a 1 
Da t a 2 = 1 



3 



NO 

/Re ad-d a t a \ YES 
( =D a t a 2 = 1 ) > 

\ Da t a 1 -0 / 





Rewrite Vth 




> 2nd CHK Voltage 



OH. 


Rewrite Vth 




< 1st CHK Voltage 
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Drawings of Reference 2 (2/3) 



FIG. 6a 




FIGs. 10 and 11 



Select mem. cell 






> 




Read mem. cell-data 
(Read-data) 



[Output Data to I/O) 

r 



Read 1st Drift CHK Data 
(Data 1) 



I 



Compare Read-Data 
& Datal 



<R»ac-data=Oat a1=0 \ 
R e a c -d a t a -D a t a 1 - 1 / 

/ Ra a d da t a-0 \ 

\ Da t a 1 - 1 / 



YES 



YES 



Normal 



Rewrite Vth 
< 1st CHK Voltage 



Select mem. cell 



Read mem. cell data 
(Read-data) 

, I . 

| Output Data to l/q 



Read 2nd Drift CHK Data 
(Data 2) 

1 



"Compare Read-Data 
& Data2 



/ Road-data=Dat aZ«0 \ 
\ Read— data —Da t a 2^1 / 



YES 



Normal 



Read-data" 1 




Rewrite Vth 


Da t a 2-0 




> 2nd CHK Voltage 
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Drawings of Reference 2 (3/3) 



FIG. 26 

Threshold Voltage 

2nd CHK Voltage for N+2 

■ Read Voltage for N+2 

1st CHK Voltage for N+2 




N+1 Data 



2nd CHK Voltage for N+1 
Read Voltage for N+1 
| 1st CHK Voltage for N+1 




N Data 

2nd CHK Voltage for N 

• Read Voltage for N 

1 st CHK Voltage for N 

N-1 Data 

2nd CHK Voltage for N-1 

— Read Voltage for N-1 

— 1st CHK Voltage for N-1 



The Number of bits 
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&W± ffiL 3S& 











(54) isiwnzm] vmtmm&n 



(57) [gift] 

^|Hl-©tI^aiE^©iBHlclSS?nT^Si:1--iJiTL, 



ItiL 



til^ar**' - * <fl " " d ~ d ■ * ,J 



I 



x 



I 



I 



Read-da 1 a-De t a 1 \ 

-Da taZ^O \ YES 

Read — da t a — D a tat / 

-Da t a 2 - 1 / 



I NO ~~ 

/ Read— data \ 
( -Da t a 1 = 0 > 
\ Da t a 2 = 1 f 

[mo 

/ Read-data \ 
\ Da t a 1 = 5 / 



YES 



YES 



im&m i ] ^mwa ± t * ^ v -t^w-? f y ? 

fflo ^ t U -tr ;KD L $ t Mil £:8&aT 3 L £ I MSf^ y 7 7 
-T ?K£ii*ft¥W{MB1SSfit*J^T, 

itffS^^* y^©rt'>%< £t i mix±(D-tJi<D 

2 ] -fe;Vtfv f y ^ xtt 

-tr.^7 U>f*©'>fc< 4: t|e]-7- KlBUcofctfsSBfc 

-F^ceniDLT, Mia^UTT^iftciDx " 1" 20 

mSi«S<B * t U -t^O Ll^fO^MI^^ 3?-<o 

iifilB^y 7 7Y#gt<: < £D, " 1" -r-^7b\ " 0" -f' 

- * ft^tta t 5 ^©iifls ^ . 

ento lt, mis^ y 7 7 -r#stc <t o " \ " -r- * 

*\ " 0" x-*fr*lftfcrf 585H©IKitt-i:, 
wf,ESta<y?« ; e , J-b;l/0[*j'>«:< 4:fe l fiJ^±<o-tr;KD 
f-£tf, W£®-0*E*)llf?7-KI*K91)taLTK 30 

mm. 

im&m 3 ] -TWWIifc ^t'J -tr v F y ? 
icESSftfc ^ € U W t . milt t V -fe/l/7 b 

•f tpOftMomfccDt^VlnW tL<«, MC^^U 40 
fflO ^ * U -fe ;KD L 1 1 ^fiSfctftfcTf £ L % h ^< U 7 7 

- FSlcEHiDLT. fi^^y 7 7^£3t c fc*3, " 1" 

^\]kt^jyr-<^-mcx<o, " i" r-^*\ " o" -r 
-^a^arsmr.coisftt. so 
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*DUTR*HlUft-r— ?*lt«LT, -atftv^ 
t yi^ Ki L T ^ Z -tr ;HC *f L T H3f t fc* o ® P. O 

lcgSH2 nft ^ U -bvl/T U-f fc, M1B7< t U -tr;U7 lx 

■fe;l/7 H'tf < %|B]-7- KflStoa^SSR 
fflO yt'J-lr^CLtl ^ffi^SO-T S L #t/MiB^ 'J 7r 
^ #IS%{f * ft ¥«ftlB«SBK*> ^ T , 
WIB/ 1 U -tr;bco S-0*E^r)liR7 
-KHaicminLT, HijfB^'^ri'^ISlciO, " l" 

o" "f-^^mmfs-om^t. 

BrifE^U7p"r¥69:tJ;t), " 1" -r-^6\ " 0" x 

EPiabT, milB^U 7 7^^15^^^), " l" r-^ 
*\ " 0" ■r-^frfcttfcl'rsSBHOlittfc, 
SufB7-F^tc, m-<OHE^#^T^tBLft^*U 

0 tS^ffi— ©WBE^^ATK^iULft^tU-fe^HD^ 

■b;l/OS-<7)T-^i:, tuiB7- Flit, m-^«EJ; 
D fefgV ^HcomfiE£-^?L TK^tt) L ft ^ €■ U -b;W]f 

H»jftE5] -tr>X7>^i:L-T«tiL, -b>XLft 

t^»jft*ff 3 ft*©*ta*^ai:x 

ft i6 bj IB L # ^fil^fil ^S^ffl ^ft»*3A^-< y 7 7 >C 
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s r-2mi&<D'£—<D7 : —Z—(DfH&t U -fe^CQSt 
LTcD&H^iA&^T? J: a til, -r-^TOW^^ 

m if. £ *t ^ S t± £ IMg&cD £ tBttttffi «- ffiW 1 0 

So 

[0 0 0 1] 20 

(E E PROM) lcm-T%o 
[0 0 0 2] 

ra*«R«] E E P R OMCQ 1 Ot LT, aft«ft* s 

eiiiaNANDSEEPR0M^ap,ntt^ o en 
nt^^(D\ti\±vmt^m^\SMmmLx i witL 
sas t wwy- h t>mm ? n fc f e t m o s p^g 30 

«K^;*nfcp^7i«cm«?^£n3 0 NAN 
[0 0 0 3] CONAND-fe/I/SE E P ROM®»)^ti 

^©ly-e&So r-^»tiA^tt s URsnfcxty 

-b;U<0$i|ffll^f- RcteiffiflEEV p p 1 (=2 0 Vifi) 

Wau ^a^^ty-tr^csispy-h&tfa^y- 40 

Hcii^FJSEV p pm (=1 OVifi) £9T;taU If 
■v hilStar-^KJSDTO VlfcBtfPltliVm ( = 

^omJEaas? ^ * y -t fw^j t-*ej^ £ nr. 

fc^O^t^LtWifitelET^lcs^ ht§ 0 e^ 
ffi*Wx.(±'" 0" ttl.o H'-y h!^CVm#4*£nfc 



*#M¥ 8-7 7 7 8 5 

4 

[0 0 0 4] -r-fJBitt, NANDt;l/fl©fT©^ 

^y-t^i/t^LTi^Bttff^n^c gp^^r©*j»y- 

H£0V£U pS^xMVpp2 (=20VgJg) 

[0005] x-*ffi#ajui, jiw?nfc^*y-t;i/ 
y- hRtf jlffly- b£ltM± V c c (fflittf 5 V) 

[0 0 0 6] SliWLififl^lMtfl*^ " 0" 

-co^^st^^y^r-Y^fT^n, " o" s 

*UHz;l/0#*ttttlU " 0" *^JA* 
^£ <D ^ t y -fc )V \c M L TO^Bt ^ &&tffTfoft 5 J: 

-f) „ " 0" 9%&fr^B.<0**:V-bM*, MtR-Ztifc 

mmf-v^m^t o. sv H^r-ftE) tu 

St), ^t'J -fe;KD i/Mfttf 0 V lew Ltv->*>* 
JSot, o. svttiCftoTi^J:, l^^^ey-t 

i " stiA^^Kf^^^y-t^Tii^^a^Mn 

«feJ6, CCQ^^y-tr^^" 0" fcftK* 

^^ey-t/i/^jsnsa^iifi-rii^y 7 

[0 0 0 7] »tiAWFi:»^ii^y77^^D 
31 L ts. tfZ -r- ^#^a^*-T 5 e i: Tfl^ O ^ * y -tr 

SCLt^iliO VA^V c cCDRgtCflfiJflEPJn^o 
[0 0 0 8] Sft, NORfEEPROMIi, 0V*^ 

V c cOMJcLtv^WfiltSVtiO, " l"r- 
*tL, Vcc«±iat^i»l»t§*(;J;v, " 
0" r-^^t§o 

[0 0 0 9] ilCilcEEPROMIJ:, 
B#tCfe^T, " 0" , " 1" *ftJptlfC*fLT, L*l-> 

L T L S 3 fcfe, j®£ LT$> i fz L t iWilfr 5 

£^0. 5 VttSt, NANDSEEPROMOln 
tea, " 1" x-^^'" 0" x-^lc>5:orLtl/\ N 
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/fc, N ANDSUE E P ROMiiSt^LBffc, 

ffiXSn" 1" 0" -r-^tftD-r-?*)^ 
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7D7^tL< (igU^D -y Mcg*i£jA&£fT 5 C t tC 30 
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T-zfr" o" T-zfrZWmtzw.-tDmtt. iijte 
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[0 0 2 9] WTt, ±IB©*4MSfc:Wr*«EiE«i^ 
»6tISr-?fr" 0" OJi^{±, 0" x-^frS 

[0 0 3 0] CtltWU ffi&tcLT—PTkTf, 

fr" i" o" ^tfSiistifcfco 

§ fr , L 1 1 ^ffifr* iF.O L £ I >fflfr p. ft CO L $ 

- * «t$ ? fi r ^ 5 1 1 i m m ■& n? \ mzf l t 1 Hi^iE 

cDtjfalcis? hZGZmc, jt^V-teJUciH 
!C-T5«fr»t U\, 

[0 0 3 1] 0?#fc*L-r-2aU\ £~©£»iBt 

rlS-r-^fr" 1" fS -<D£iMti8x-:W 

o" <nmtta. i" x-^frtfiAsnr^wT-^ 



§fr\ L^t/^Jfrftcot^^fflfrC.IEcDL^^fli^lj!! 



20 5o CO^ MSI 

-r§ofr»$bv\ 
m 5 t^-fc 

[0 0 3 2] ^t, ±!B©W»ffcfieoTfT3S##&# 

^tt»ffjA*LTtfr*t>S:^c *.)V~7uy>;m\zMm 

»S©NAND'fe;b:/n-j/*fcSISLT:fc«ki/\, $fc. 
iiHtO'7 f -*«g*m Lldf^lc^ l#gS#7*-*S»aiffii!i 

y^f#^ tt&Tfc S C * ^ y ^c>^t J: "5 K t S o 

[0033] ^^/-c^-^aaftHiKfifptt, 

40 ^.XS^OmSltJl^tS^DlfU >7 left LT ft i T t 

•v 7fl (c »SB j n T ^ « * m L J] 7 > h 

PU2K ^^U^-y7°2 2*^A-K2 0t07"n'y 
50 7 2 4 tt, il~ Ktjr|.SI3«jg 2 6 frfft^^n 
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[0034] u±.^tcm-(DMmm{cm^< a- 
x-t-z^k 7 t75f 0 -tft^, yi-g[5S§«-f>^-7 

7 (CPU) 3 Z\zWmZftX\^ a COCPU3 2 
l*l*vyfij 3 3 ^YV3 4 1CWLT, ^t'J 

0 l^-ewlS^iS-g:. ^tytfflfcLTNANDIEEP 10 
5?lJ(7)7"a -y 7 tS^^ji^^tT^ £ "3 TSffl 

f- v 7"?mm,-£ti2>m^&&2> t>\ -^(nwmt^ -y ? 

[0 0 3 5] 08«>i^ U ->XfA4 0£DF*JgI5«fi)c*7n 
f 7*a<y?BT?fc5 D £f\ r-^^iftfitSS^ff^-fe/l' 
7u ft. rtSpr KUXfgfflUE* 5 lKi 20 

0, ^-££Wr£<£^U^'y7°%S#iU 2 5 

'J f- -T ->>' L fcftt, JStRN A N D 
-Ft, M#tHLfflEE, fflfctfO. 5V£EPtaU 8ft 
NAN D-t;H^©#^K$lJffiiy- F&t/ilf/JN A N D-tr 
^rtOSiRy-Flc, V c CifE, $];Ui"3. 3V£EP 

ta-TSo fit, §e-y vu<Dm±.^y7,7yy°m^ 

[0 0 3 6] ^tc, S»M£»f1^^5>^»[n]8gtc 
c cfEST7° l Jf+-yLfdl!^ JMiRN A N D-fe/U 
0. OV^ftlinU Sfl?NAND-tr;l/f^cD|^JRSiJffliy 

- h Rtf Iffl N AND t^«- htc, V c c 1 

Hi. «aj*.fcf3. 3 V^fiflilp-rSo f LT, Sf7Hffl 

W£%*z> XT >-7M¥& 4 'dlzZ-oXr—ZZSlfrm 40 

5 3 ^ t — * %m-<Dgmtm-T- zthx^v 

-7-1, -tr/U7'n-y ?tcgNffi£ttT<^3£lf-y F 

»Vc cl£EST7''J^t-i' , Lfc^C > JliR NAN 
D -tr wiS#?l|?|ffliy- F ic , 35 ;2(D^iM«Jg'4iJI, P 
*ff 1 . 0 V^EPtoL. SIRN A N D-tr;Urt£7)^StRfliiJ 
gjiy- R^tf 'iiJRN A N D -b;Frt«ilWy- F k:, V c 
CgB-\ 0J*{f3. 3 V*EPJ][Tf i>n fit, &fcT-y F 

a 1 , U ^WffiSfc I 70^777 5 4 iati> -r-^v 50 
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[0 0 3 7] x-^ifctgHSSS 6ia!3, -r-£ 

xmTfcjji-t&oKmmzftZo m^tcL?--?. m - 

lE^tx-^Mf^nxv^tfijift, sib 
i" o" ■r-ztfW&znfz'L 

1" XhK), ^-CSftCtlgx-^^" 0" tD 

[0 0 3 8] ±|E©«fc5fc, ^«)5ifS»lf¥WWf[H]SS5 7 
J: o T , L % l Ammi L § -tr /F^ftJ $ nfc *i 

7'P'yi'^a7 , n'^tU7"af? F^A^t, 
-t/F7*n y ^^ii^b, WSffOilSR-t;l/7'P -y tr ftcO-fe 

OCioT, St L V^SJi?-b;b7*n ^y ^ ft£D^»y- F 
0 V £EPta L, #a«-tr;b7~n ^ ft tO^JiK^- 

K pS7x;K nS^fftlfi (SUB) , Stf, ^ 
jl^y-FtC, ^m.E^3iIi]?S4 5lc£oT, MSfflS 
WE, m«2 0 Vflfi^EPjtaU ajR-t;F7'n-y^^| 

[0039] ^t, mm&Mmtzmizmik^v 

-y^'F'JOS^filiBiy-hfc, I , 3i"«E?^[nlgS4 5lcj;-3 
T, S^^Mjrft'tEE, ffJAlf2 0 VfSSfeBljtaU *f 
Ll«-tr;l/7'D >y ^ |*(D#atRf(;iJffll>r- F {c, fpmn 
K^mm4 6icJ;oT, tfH«EE s Pxlf 1 0VSS 
^rEPtob, §(f-yFffitca, RiilS^-^^'yf-^ISSrtt 
^•yf-UTfeSr-^^aiLx-^^oT, feL" 



(8) 
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PbME, Wlxlf 7 Vgg^EPtaU 0" -f-*& 

[0 0 4 0] &ic, »t&^M^:«f5/cJ6K»t 
awwftiy- net*, vcc^entnb, mfto&friUL 

&%£t*7!k^7 7V'ZiL%TW\ £T<D^W}ffimW)ft 

[0041] &±<D^mt3.* m-mfm-ogmm 

iott^ttii, ^---oSil&SSffii&ftfelXfcJ:, gfr 



[0 0 4 2] &£*£EEIJflfe3mr©H»0H£i»S-r 

Ci:tfgJ3frft#a-T, f<D«S][iB9 (a) , (b) K 

C G 2^*-r§^^U-t;UM2A ? aPiSnTl/^„ B19 
(a) icM^ftSi^cSRy-FiiSC G Zlcm^fcL 
ni± 0 . 5 V ZWtlU U ^1^7- KftlC G 1 , C G 
3 , C G 4 MtR7- hSG 1, S G 2 (C V c c . 



14 



10 



20 



30 



* rdtp$l<7x.MtO VfcfiftilU If MSB U±V c c 
IC7°LJ L7P — yyiZt&o CCDB^ SfJ? 

m-fe ^l/M 2 «D b * ^ffl 3&'K* /c UME 0 . 5VW±0* 

5„ -7^aS?-fe^M2OLtV^ffi3b<3S*^LS£E0. 5 
V«T©«^ti-fe^*«EBSf£n, tf-y USB L<D*jE» 
^O^Y-^W^frSO VtC&tK MS<DS 

tfovinftzm*" 1" x-££L, flfi^S" 0" -r- 

[0 0 4 3] ^{C, ^■y^-Lfcx-*-^ I /OlcfeiM 
•5 c H9 (b) tc^^tiSJ: 5^Sf/?7— K$|C G2t 
CGI, C G 3 , C G 4S.t>*atR'T- hSGK S G 2 

tvcc, m%.t£ 5 v^eptau My-xiv sRtf 

pSS«ifiJ;tfpS7i;l/2 btto VlcSSttU ti'-y 
MSB LttV c c(c7°U9 L +-> > 'L7n-x-i'^y(e:-r 
C<DB# N t LS«-fe^M2£0L^lMiI^-O^») 

«k«eo. ovw±£6-fe^«jftfii*n'r, 

BL©«Etf. &L«fe;I/M2(0L 

arjftn, tr<y fisb L©*B£7 p u^-^v---U'fr£> 

OVlC&So C©tf-y hfiOtEMioT, t>X7 

[0 0 4 4] 
[312] 







iifllliif-* 






19(a) 


19 Cb) 




0. 5V<fth 


"0* 


"0" 


IE** 


0. GV<Ythi£0. 5V 


"1 " 


"0" 




0. 0T>¥th 


•1" 


"1" 





L-r- 
(±, " 

I " T' 
[0 0 

mm? 

<nx*h 



^a, " o" h^m-^msmw^-z 

0. 5V«±««^t4, M^tiiLf-^tt " 



, " 1 " TfeS, 

0" cDtf-g-ii, ^c*" 0" -r-^ftASftfcfc 
0, EWcx-^ffi^^nT^StWBrL, 



[0 0 4 6] £fc, MfrfcLT-Ztf" I" T-St), ^ 
-W^ibJS^x-^^" 0" T-feD, ©*§£•«, **" 

L * l IE « L t ^fl^ij L X % X *5 <0 , 

50 n?io ^OB#fT^n5HUieffi£^'J7 7Y«J^{Cffl^ 
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mem -<o^9ssm9.mtm\znz^m^ 

[0 0 4 7] ^lC*|g0fltcMtp§^HiDl|»JW^1- 
CtiWft^f, fOt»lHH9 (c) N (d) tc 

c G z?:4iT§/ ; e'j-tr;L'M2^®tR$nTi/^o [*I9 
( c ) '.^'n.^n^ i') icmiKi- h*scc2 ^r^f£ l 

m,EO. 5 V^rEPtab, ^S^7-KHCG K CG 
3, CG4 S-tfUtRy- FSG1, S G 2 IC V c c , W 

* t£ 5 v centra u «iv-x§vsStf, p§ya«i 

V c c l:^ l JfY-^L7n-rY>^Ct§o dcD 
B#, 51tR-b;HVI2£DL^t/Mif^^f£L«EO. 5VJ-^ 

tom^te-ttimmmtiT. \lv hub l<*mieeh:i» 
j±o. 5 war(om^it^)vmm.i-tm.n, tf^h^BL 



MSWEEtfOVfcftSBS*" l"r-^tU 

0" -r-*i:f So ^Lfe-fe^O^mtx 

[0 0 4 8]&K N BI9 (d) (CJt&ftSiSta&iy 
-Ki»CG2k:«roSif«ffi«EEl. OV^fflflDU 
#8JR7- FICGK CG 3> CG4 StfiJif- h 
SGI, S G 2 tc V c c % tfiRte: 5 V^ffljtlU ftilV 
-xivsM, pSifiSfcttpSfx/movtg 
JffiU try b^B L«V c ctc7'J^t-^L7n-r 

©SIMtBME i . o vu±<Q«^(i-fe;p«attt}!([ti 

1\ If-y HUB L<D«ffi«»$n^o aiK-b^ 

m 2 © l t i, wig- <r>m.mmm±. i . o v j^wi 

5. 
[0 0 4 9] 
[*3] 













19(c) 


19(d) 




1.0T<7th 


■o" 


"o" 


IE** 


0.5Y<Tthsi.0T 


"0" 


* 1 " 


i?rin*tns 


TthSD. 5T 


-1" 


' 1- 





£1% t;W)l*^ 1 . 0VJJLh©*&tt, Bc^tib 30 
(±, " 0" -b;KDL^f>ffl^O. 5 V-U 

0" rSD, *om-^i]6ilS-r-^ti, " 1" £.tz 

-*fi, " l " £:&3, : 

[0050] iiTF^ JiEo^jcwrsftiEiif^iSK 

— 0" fD^B, 0" x-^tfW&Sftfr 40 

1" -r- * tfS&l: ftfcfc or 36 19, EWCr-*^ 

[0051] cntj^L, wm-ti LT-'-ztr o" rs 



Klf'F(3)>'-y>X*Si:feT01 lfc^fo 
[0 0 5 2] JWJ^fcK&ftiLSEk %-<D$SbfflU 

TtJ;t^L> KORiE E P ROM^t U -tr;V^ M^J 
KgBKLrcANDSE E P R OMtdjgffl LT it,^ 
[0 0 5 3] ^t*«^*R(*WJi:^1-5feJ60lElBS 

r2. T r 3 ■?«*&»g»fc^8#fll/££;ft, n ^ 

1'*M0Sh7>->*X^Tr4, T r 5 T?fpj^i]5t 
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[0 0 5 4] Ml 3«, 04, glT*^LfcSff- 
i, j, k. 1 t?%,, i&^'J-fc^MZ i ©SrtBL 

[0 0 5 5] j (i^^E U-tr;l/M2 j oMtBLf-^fcj; 
t?fg— to^ftesgg^— o" -efcb, tg^o^ifisf 10 

A s # t iA £ n fc CO T- £ S /A L 1 1 MSttflE <0 L 1 1, ^[fi 
[0 0 5 6] kti^t V-t)VM2 k<DSttBLx-#, *J 

fitfSx-^^" o" cdi§-&, -r&fr^*^" i" ©x- 

{I^5IE<DLtWI^ftLTVS*-&T\ HtfLt^ 20 

ICS* £ i£#*fr 5 ^ lc WfS-T § 0 
[0 0 5 7] 1 li^'J-fc^MZ 1 ©SltHL'r-*, fg 

1 " <Dx-^»tiAg;ft, ^tttfjEffiEf- 

[0 0 5 8] 014, 1 S&^'J-fe/Hv^ k tC#5fc" 
1" cOr-^^&SftfckcDT'&Stf, LtWifW 

mmu^y vmz 2 #»j lt^ l*: t cd 

S„ HSJti-y hSIU-b-y Ffflcoff^P R S TDtf V c c 
*>evs s££fl:U tf-y MJl7°'Jx J t'->WPRE 
B#*V c cMVs s icmt-T^t, ti'-y h^B L i , 
BLj, BLk, B L 1 A^H'-y Hgyj^-r-^'L-^b 

-hf^B L C DfeV s sfrbV c c^SHfcU "OJ 
771V-FVRY i, VRYj, VRYk, VRY1 
V R $T-£*£nS„ ^KSUfP^- Mf^ CC2^i 
Hi LUEEV READ (M^tfO. 5 V) t, ^(OfteOSI 40 
ffliy- him CGI, C G 3 , CG4, MS*f 
SGI, S G 2tfV c. c tC&S /-e'J-t;I/M 2 i , 
M2 j, M2k, M2 1 £^t*fcB?tlS 3 
[0 0 5 9] ^^U-t;l/M 2 i , M 2 j 0" 
.Wnttit), M2k, M2 1 1" fr^frftT 

!^SfcJ6, tf-yh^BLk, B L 1 cD^fflV{j£ftTV 

if S E N, RLCHft'Vss V cctSO, SEN 
B , RLCHBtfVcc^Vss Kl^St, ^'J77 
iV-FVRYi, VRYjl<:aVct:i\ VRYk, 50 
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VR Y ltttV s stf7>?f- (fEte) $n§„ 
[0 0 6 0] *OSfeHtfm— <05Sffi«BE V R EFIT'M 

fPf B L CDtfV c cfr?>V s sfcftD, ^U77^/ 
-K>5Wt>*2?n, tT-y h^V-tr-y hcoft, VR$T" 

[0061] M§cG2 icm-o)mmm 

EEVREFl (0»|*.HroV) , ^Ofl&OSUWy- hff ¥ 
CGI, CG3, C G 4, jSlRy— Mf-Sr SGI, SG 
2* S V c c tC&S i;, ^*>J -b;HVI 2 i . M 2 j , M 2 

k, M2 1^»aj$n5 0 CtOtt/ty-tr/l/M^ k 

i^sfc£>, nBBLkfiffia«nftv\ *©fls©t£ 

-y MtJi, *^0O*iJ»^-hff^C G ZlcMtULM 
J±V R E AD^Ento*nTSt^tli^tifc±I^i:|BlUXfe 

[0 0 6 2] mmmtomftLr-* ttoWRtfitto*. 
§o tijUlcDMttiLr-^tt, ^';77-r/-FVR Y 

1, VRYj, VRYk, VRYH:7'yf$nt^ 
S D iB£ffllK[El»©iH£«tffifS^R EFEtfVss fr6 
VcclC&Si:, (f'yhSBLi, BLj«VRfr6.V 
sstSt), tf-yhSBL lBVs st'fe^A^, H-y 
FSB L kOftT'iJ^t-^P^V R£{*0 0 *Oj| 
t:-y hl^h^>X7ry-hB LCDtfV s sfr^V c 

tf-yb^BLi, BLjttVss + j3, BLkiiVR- 
a, B L 1 liV s s llT-o, pak'-yh^ 

^U7rY7-FOM^:^n¥'tlC B, CVRYtt 
Si:, 

VR-a=-VRxCB/ (CB+CVRY) 
Vss + j3= (VccXCVRY) / (CB + CVR 
Y) 

T'$> D , CBliCVR YtCjrttSLTa^HC A^l^JT, 
VR-ati(Si^VRtHL<S:»), V s s + 0 tiiJ &"0 

[0 0 6 3] ^•b>X7^7°|iMf^S EN, RLC 
HAW s sfrSVc cK65, SENB, RLCHB^ 
Vcc^SVs sC&§i:, ^U77-</-FVRY k 
OiVccKS!), ?-cDffl©VRYi, VRYj, VR 
Y Hi V s stC^So ^Oft-iSttflJU-fey hS^V S 
T I N*W c c^P.V s stfe!3, *'*^MI^A E C 
ONtfV s sfrP>Vc c£&5£, SENSEtfVcc 
ft^Vsstcft?), KfflUS#*aiS-a:«o K*tBLS 

[0 0 6 4] 016, 1 7ti^tytM2 j t**" 
0" cD-r-^^H^iAS^ifetcOT^S^, It Wirt 
IE d t * ^fil^ f> ft© L t ^tt^-gil L T ^5 ii^^ 
%i? Q Witt* 4 5 2 ^SJLT^LfctflDT* 

So JtlTJlf'y F^U-tr-y FffltDS^-PR STD^V r c 
fr5V s stcgftL, ti'-y FSil7°U^ + -> ? fi^P R E 
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B*W c cfr^V s slcmttZt, tfyhSSBLi, 
BLj, BLk, BLl^e^M^Uf^-^U^ 
VRS^iJflSo c(Dt^^7hih7>X77y 
-hf^BLCDtVs sMVc cx^gftU 
77Y/-FVRYi, VRYj, VRYk, VRY1 

aiLtSVREAD (iilfO. 5V) tc, ^OffiOffl 
»y-h§^CGl, C G 3 , CG 4, S£R^- Mf^ 
SGI, SG2^VcctC^§^, yt'JtM2 i, 
M2 j, M2k, M2 lA^di^nSn 10 

[0 0 6 5] ^tUt;I/M2 i, M2 0" ^ 

iS^ftTiJ^ M2k, M2 1&*S" 1" tf.'JA^T 
l^/cii. IfyMSBLk, BLIOWfttStlTV 

^SEN, RLCHtfVssA^Vcctft^ SEN 
B, RLCHBtfVccA^Vssl:S:5i:, ^'J7/ 
-fV-FVRYi. VRY jtCliVc ciV VRYk, 

v r y i tcti v s s^77f (fs«) ?n§ n 

[0 0 6 6] etDfiStf^^SiSSHEEV R E F 2 *CR 
*tti"r/c46^, tfy bSRBtTy hib7>X7rf-h 20 
I^BLCDAWc c^Vs stc&D, ^'J7rY7 

[0 0 6 7] ^tW»y-Hg^CG2K®-OSSffi* 
EVREF2 (0I*fcf IV), ^(DfflKDfflSSy- MI^ 
CGI, CG3, C G 4, iifRy-hif^S G 1 , SG 
2/jH' c clC&Sfc, ^U^/I/M2 i , M2 ], M2 
k, M2 1 #SS#UJ<*ft5o MtS^^U-bMZ j 

^Ztzth, e-y FSB L j (iffiS^ti^o 30 

nit ^cotij0cD»jffliy-hfi^c g ziamLms. 
v r e ADtfmu^ftTm&^ntzmi$tmvv& 

[0 0 6 8] mcffi®<Dffi&LT-* t<D&m*1&$: 
5. MB^ilULf-^B, ^U7r^y-FVRY 
i, VRYj, VRYk, VRYliC77?Jtlt^ 

A^Vssl:45t, try USB Lk, BL liiVs s 

A^VssKft^ ^7 hSB L j BV s sT'SS^ 
£k e^yMBL iTO7°Uf t-S/U^l/VR^ffi 40 
O, f tDSt 7 M b 7 >X7 7 ^ h B L C D AW s 
sKVc clc&t?, try MI^^U^r^y-F^ 
*&-T3£, tfyMSBLk, BLlttVcc-fl, BL 
j f*V s s + j8, BL i s s M&5 0 llTm, 0 
fitly MS, ^U7 7^/-KW§^fnfnc B, 
C V R YttZt. 

V r r - a = - (VccXCB) / ( C B + C V R Y) 

V s s + P - (VccXCVRY) X ( C B -r C V R 

V ) 

T£>^ CBttCVR YlC]:b«!LTii3!)Hc^t^C>T:\ 50 
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V c c-a(lSlfV c cKiL<at), V s s + 

[o o 6 9] ^ic^yxry/mWE^s E n, rlc 

HtfYssA^VccES!), SENB, RLCHB^ 
Vcc*^Vs stc%££, ^U77-f/-FVRYj 
(D#V ssWD, coffin V R Y i , VRYk, VR 
YlttVcctftSo ^^-JSttaU-tyHI^VS 
T I NtfVc cA^Vs stC&D, SiA^MS^AP 
CONiWssi^VccCSSi:, SENSE^Vc 

[0 0 7 0] Hi 8, 1 9{±37gP^HlK^ny^*2 
e, f, g«Jl«7ny ^t?a65 D ^\ MxtiVn^^ 

y £ d COMB^*- FiCGd4fr 5S!^m b«JEE V R E 
ADT*K*m-ro dO^K^mb-r-^tfiS^S: 

§o CtDrtgB. -tr>X7y 7W-£^y^@£&D L 
j, DLk, DLllC77fSn«o C£Dir>X7y7° 
S6x-^y^@E§DL j , DLk, DLHC7yf? 

t? 0 Ii^^n^< *)ML$m?-hWiC G d 4, CCd 

3, cGd2, cGd ncwr^ia«x-^^*jsiy- 

fSCGh4, CGh3, CGh2, C G h ltc^JA 

[0 0 7 1 ] Sfc, ^Py^STft<^-^*fi[(0 

«*>X7>^lr-* 77f @BD L ] , DLk, D 

L MCI *?o|?#tflU ^©SPfi-b^7>y|Rr- 
^77f@ffiD L j , DLk, DL 

tfct^n £/c, DRVd-DRViMlif-hi-S 
fRy-h^F^-f/SEISS, BALd-BAL i«7Py 
^7KUX77fHl8T$5o 

[0 0 7 2] Sfc, H2 0«ffi©[HllS«|r*feS*^ ceo 
i -5 1 # § &#£IMtK@» i: tr y h U y r X L»[8S 

[0 0 7 3] 02 1 a*e>tflfi(D[lIgSff!|-eSSA^ CCD 
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